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PREPACE 


This report contains a detailed discussion of the methods 


and procedures used to determine the damping properties of com- 


‘merically available polymeric materials. The work was done by | 


the University of Dayton Research Institute, Dayton, Ohio in 
partial fulfillment of Air Force Contract Number F33615-76-C-5137 
for the Materials Laboratory, Wright-Patterson Air Force Base, 
Ohio. The project, task, and work unit numbers are 7351, 06, 88. 


~The work described was conducted during the period January 1976 


through December 1979 under the general supervision of Mr. D. H. 
Whitford, Supervisor of the Aerospace Mechanics Division, and 
Mr. M. L. Drake, Principal Investigator. The tests were conducted 


primarily by Mr. G. E. Terborg and Mr. J. Graham. 


All the data from the testing is contained in the Appendices, 


which include the bare beam results, the coated beam results, and 


the temperature nomogram for each material tested, 
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SECTION 1 


INTRODUCTION 


Vibratory energy is a source of acoustic and resonant 


fatigue failures in aerospace structures. The problem of how ta 


dissipate this eneryy has long been an important consideraticn in 


aireraft design. It is well known that pelymeric materials with 


Lehi 


I 


high loss tactors, when used ain the form of a coating or in a 


constrained-layer damping treatment, can considerably reduce 
resonant vibration problems {1, 2]. This report describes the 
vibrating beam testing technique used by the University of Dayton 


Research Institute (UDRI) to determine the dampines properties of 


commerically available materials, Accurate determination o! these 
properties is an essential first step in using damping technelesy : 


40 centrel aircraft desiqn problems. E 


This report has two main purposes. First the report explains 
the vibrating beam test techniyue, This step-by-step explanation Z 
(which appears as Section 11) includes test instrumentation and & 
set-ub, specimen criteria, specimen preparation, and data collec- 
tion procedures. Second, the report records the results of tests 
On twenty-eight polymeric materials. Section TII of this report : 


introduces these results. The data are included in the Appendices. 


SECTION IT 


VIBRATING BEAM TUSTING JPRCHN TOU: 


The following information is a step-by-step explanation of 
how to set up and conduct vibrating beam tests. 


224 SREP UPI PEST 


The anstruments used in a typical UPRT vibratins 


beam test are shown in Figure 1. This set-u; can be used to test 


four types of specimen beams: uniform; "Oberst; " “modified Oberst:" 


and, Sandwich. Nach of these beams is Shown in Ficure 


A continuous sine sweep oscillator is Used ta excite 


an Flectro 3030HTB transducer (manufactured by Hleetro Corporation, 


Sarasota, Plerida). The transducer excites the specimen Isear. 
Responses are picked up by an Endeveo B22 miniature acceleroreter 
(manufactured by Endevco Corporation, San Juan Capistraro, 
California). An oscilloscope is used to monitor both excitatiun 


and response wave forms durina the tests. 
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The UDRI test set-up incorporates an x-y pel 
used to plot response spect: .raphs comprised of transverse 
acceleration versus frequen. and to note resonant frequencies 
(tf) and half-power bandwidths (af) for selected temperatures. 
These measurements are used to calculate the conplex Younca's 
modulus Ey (lo + inp) for an applied layer of damping material, or 
the shear modulus Gh (1 + in,) for damping material in the core 
of a sandwich beam. The measurements must be taken carerully 
because small errors in measured quantitites can lead to very 


large errors in the calculated values of Gp and My or Ey ANG? ys 


Advantages of this test set-up method include: (a) the 


system is reasonably simple to use; (b) errors can be assessed 


and kept within limits; (c) a single Specimen can be used to cover 


a wide band of frequencies and temperatures. «A disadvantade of 


this method is that only low strain level data can be obtained. 
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UTererrnrrrrrm rth (a) UNIFORM BEAM 
SPECIMEN 


(b) "OBERST" TYPE 


| st , xX ae SPECIMEN 


MODIFIEO 
“OBERST' TYPE 
SPECIMEN 


SANOWICH TYPE 


| 
| 
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SPECIMEN 
WA - POLYMERIC MATERIAL 
S  -—- INPUT FORCE 
X - ACCELEROMETER 
Figure 2. Vibrating Beam Test Svecimens. 


2.1.2 Select Appropriate Specimen Beams 


Selecting the appropriate specimen beam for testing 
a particular material depends on the following criteria: 

(a) The uniform beam is used for stiff materials, 
such as epoxies and plastics, which are self-Supporting at ordinary 
temperatures, that is, have Young's moduli Ey greater than 10° 
psi (6.89 x 10° N/m"), 

(b) The "Oberst" (nonsymmetrical) or modified Oberst 
(symmetric) beams are used for materials in which iEp| is between 
10* lb/in® (6.89 =~ 10° N/m“) and 10% lb/in? (6.89 » 10° N/m’). As 
Ep falls toward the lower limit, h,/h for these beams can increase. 

(c) The symmetric sandwich beam is used for mater- 
lals in which iE)! is between 10 1lb/in*® (6.89 « 10° N/m’) and 
10° lb/in® (6.389 « 10° N/m*?). Since the sandwich beam relies on 
shear of the damping material between two supporting beams, it 
yields better results for this range of values of En: 
ede 3 Review Solution Equations 


The followina equations are used to caiculate the 
value ot Ey or C5 for various materials, according to the specimen 
beam used: 

(a) For an "Qberst" beam (with damping material 
coated on only one side of the beam), the complex Young's modulus 
is derived from formulae developed originally by Oberst [3]. 


These are: 


ae ee f ° > na! 
DD n 1+ 2ne(2+ 3n+ 2n¢)+e-n' 


2, = (1) 
[ oh | Lee i oe 
T is 4 nk 
et ks 34 nites zener" (2) 
Ny Lt 2 (2+ 3nt4 2n*) + en" 
where e = E./8 and n = h./h. In these formulae, 2° is calculated 


be = D 
F th 
trom the measured resonance frequency ee of the n mode of the 


damped beam and the measured frequency ae of the undamped bean; 


5 


= 


tl i 


e is then deduced from equation (1) and Np is calculated from 


equation (2), this value of e, and the measured value of the modal 
damping Ne In fact, after some algebraic manipulation, the ftol- 


lowing equation for e in terms of 2% and n can be derived: 


3 


e = |-(44+ 6nt+ 4n° - 2°)n44/(4+ 6n+ 4n%- BEE aA EE SN) fan". 


These equations give reasonably accurate results 
provided that 2° - 120.1. If 2° < 1.0, the error in e resulting 
from an error in 23° becomes prohibitively high. 

(b) For a "modified Oberst" beam (with damping 
material coated symmetrically on both sides of the beam) the com- 


plex Young's modulus is derived from formulae (2): 


E E(2° -1) / fen? 4 12n° + 6n) (3) 


D 


an 


Ny = 2° fp CEs =a} (4) 


where 


Za (1+ 2¢, n/e) (CE /EQ)> - 


Again, the equaticns give reasonably accurate results whenever 
Ge 2S Oels 

(c) For the symmetrical sandwich beam, calculation 
of values of the shear modulus (Gp) and the loss factor (ny) for 
the damping material is based on a sect of equations developed by 
Ross, Kerwin, and Ungar [4]. In current notation the now classical 


equations are: 


op 3 iz 
EL ae hy)? —- (5) 


k ae 
. 6 1+ 2g* 


(EI) 


when (EI) 2 is the equivalent complex flexural rigidity of the 


three-layer sandwich [ (EI), (1 + inw)) and g* is the shear 


3 
parameter given by: 


GS (6) 


t= 
oe 


Fquations (5) and (6) may be solved to give simple algebraic 


equations for G, and "pe namely: 


[(A- B) - 2(A- 38)? = 2(An_) 2] [Enh 6 °/L7 J 
6. = $$ ________ __on (7) 
(1 - 20+ 2B)? + 4(An_)? 


i eR AS B- 2(A-B)°- 2(An)°), (8) 
i where 

A = eRe a ew ae (2+ phy /vh) (B/2), (9) 
| and 
| z 
F B= 1/6(1+h,/h)*. (10) 


For most polymeric materials in the rubbery and transition regions, 


Ey % 3G) and n [Sek 


yy ' 
(eames b 
For tests covered by this report, the first seven 


eigen values of the system are given by: 


36925 


22.0345 


m 


rw RM 


61.6970 


mn 
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or 


= 120.902 (11) 


= 199.866 


ie | 


he] 


= 298.560 


on 


= 416.990 


The eigen values define the relationship between the resonant 
frequencies of the uncoated individual heams and the modulus 


by the classical relationshiy 


reer 4h 2h 3 gy a 4 
phi x L'/(Bh?/ 12) Ant (12) 
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2.1.4 Review Specimen Beam Criteria 


To obtain satisfactory test results, specimen beams 
must be prepared carefully. Paying careful attention to specimen 
dimensions helps avoid machining difficulties and helps to insure 
accurate test results: Figure 3 shows a typical bare beam, with 


appropriate dimensions indicated. 


Recommended materials for specimen beams depend on 
the test temperatures. For low temperature tests (below 300°F or 


149°C), aluminum or steel beams can be used. It is important to 
note that if a stiffer beam is used, clamping conditions become 


more critical. 


For high temperature tests (up to 2,000°F or 1,093°C), 
steel or superalloy beams must be sed. 


Recommended beam dimensions are as follows: 


Length of beam L=7 ini 0.002 in (177.8 mm: 0.5 mm) 

Length of beam root £=1.125 in: 1/64 in (28.58 mm: 0.40 mn) : 

Thickness of bean h20.05 in; hi0.08 in: hi0.0005 in 3 
(1.778 mm+ 0.018 mm) 

Thickness of root 0.25 in ' 0.005 in (6.35 mm ' 0.12 mn) 

Breadth of beam b=0.45 in: 0.001 in (11.43 mm+ 0.03 mm) 

Thickness of damp- Dey > 0.004 in (0.127 mm) 


ing material layer 


Tolerances are as stated. In sandwich beams, two 
dimensions are particularly important. The tolerances for the 
beam thickness (h) and the thickness of the damping material (hy) 


should be carefully noted. 


For sandwich beams, the thickness (h) should not be 
less than 0,05-inch (1.27 mm). Lese thickness is likely to cause 
machining difficulties, and reduces the likelihood of well-matched 
beam pairs. Yor effective sandwich beam tests, the two beams that 
fori the matched pair must have resonant frequencics Ch a that 
waALCH within o« 2.0 percent. ven small differences in Pena 
can lead co large differences in resonant frequency. For example, 


if a hypothetical Beam 1 had thickness hy = 0,07N-ineh + 0.0005, 
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= 0.070-inch - (0.0005, 


n 


and a hypothetical Beam 2 had thickness hy 


the nee resonant frequency of each beam would differ by the ratio: 


0.070 + 0.0005 . 0.0765 _ | oi4q 
.070 - 0.0005 0.0695 ie 


which represents a difference of over 1.4 percent. At a hypothet- 


= 1,000 Hz, the difference in this case could be 


ical freguency fo 
Therefore, tolerances 


as high as 14 Hz, which is unacceptable, 


for each pair of beams must fall within the above stated limits 


at all points along each beam in the pair. Beams must be matched 


in pairs as they are made, and a vibration test must be used to 


verify this matching. 


The thickness of the damping material p! should 


Preferably the deemping 
lt is difficult to sontrol 


(h 
not be less than 0.004-inch (0.127 mm). 
Material should be thicker; otherwise, 
the dimensions of the composite specimen beam, 


2,2 -REVARE AND TEST BARE BEAMS 


ww 


2.2.1 Prepare Bare Reams 


Tt 
(that 


(a) Collect the batch of beams to be tested. 


is best to test all beams in a particular machine shop batch 
is, beams of egual geometric dimensions and metallurgical composi- 


tion) together, and to plot data from these tests on the same sct 


of graphs. This makes it easier to select matched pairs of beams 


for sandwich beam specimens. 
(b) Gluc a rectangular step block to the bottom 


of the bare beam as shown in Figure 4. The step block should be 


made of the same metal as the bare beam. The step block should 


width as the bare beam and the same length as the 


be the same 
root of the bare beam, 

Mount the step block on the flat side of the bean, 
directly above the step joint. The front surface of the step 
block must be in the same plane with the step 


sides of the step block straight and parallel to tne beam. 


joint, with the 
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The glue used for all phases of the vibrating beam 2 
test should be a good, quick-drying cyanoacrylate epoxy, such as 
Loctite 404. This glue is effective for tests at temperatures 


ranging from -50°F to +225°F (-46°C to +108°C). For testing at ae 


il 


greater temperature ranges a hiqher temoerature glue should be 


dll ak 


used, such as Loctite 306. 
(c) Glue the magnetic drive disk to the beam. 
When non-magnetic beams are used, the high : excitation disk is 
r mounted near the root end of the beam to minimize the effect of na 
mass loading on the beam being tested. The excitation disk mass 


is more than the accelerometer mass. Place the drive disk approx- 


imately 1.25-inch (3.175 cm) from the beam root. This step is not 
necessary if the test beam is made of a magnetic material which 
wili maintain its maqnetic properties over the temperature range 


| 
of the test. 


(d) Glue the accelerometer to the beam. Place the 


3 
4 
a 
3 
a 


accelerometer approximately 0.125-inch (0.3175 cm) from the free 
end of the beam, 

(e) Place thermocouple in root o: the beam or on 
the base plate of the fixture. Either location is acceptable. 


clan amd iets oia 


(f) Place the bare beam in the test fixture as 
shown in Figure 5. Make sure the front surface of the step joint 


sth tna Le 


or root is clamped securely within the test fixture, and does 
not protrude out of the fixture. Make sure the beam is perpen- 
dicular to the front edge of the clamping block. 

(g) Check the system operation by taking frequency 


sweep and noting locations of resonant frequecies of the specimen 


beam. Figure 6 shows typical response spectra. For good results, 


wo aba a 


each peak should be distinct, and should rise above the "background" 
by 10 db or more. If the "rising" is less than 10 db, it may be 


difficult to obtain satisfactory test data from a given mode. 


2. 25:2 Test Bare Beams 


(a) Take frequency scans between 10 Hz and 10 Kitz. 
Test at temperature ranging from -100°F to +300°F (-73°C to 4150°C). 


Take temperatures at intervals of 50°F (28°C). 
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(b) Note rescnant frequencies for each mode. If 


any interference modes, i.e., peaks in the response curve caused 
by 60 cycle noise, external excitation, or instrumentation noise, 
é aopear on the graph, verify the true resonance of the beam by 

te the respeetive ratios 


owpaYring the respeetive frequency ratios 


C 
of the eigen values. 

(c) Plot the modal data points. 
by their respective elaen 


First divide the 


- 


center frequencies of cach mod? Chae) 


values (A). Then plot the result versus temperature for each 


mode. 
(d} Draw a line throudh all] plotted data points, 


This helps determine frequencies for other unmeasured temperatures. 


a 


If sandeich beams are to be prepared, continue with 


the following steps: 


(e) Sel two beams whose 


ect matched pairs of beans. 
characteristic curves lie very close together may be considered 
e shows typical data for a matehed pair 


es 
’ 


a matched pair, Figur 


or beans. 


(f) Cablculate the averace natural frequency for 
the sandwich beam pair (refer to Figure 7). First draw an “averaue 
Then 


plots cf the beams in the matched pair. 


line" between the 
and multiply 


read a value from this line, at a given temperature, 


this value by the respective eigen value. The result is the averace 


natural frequency (f) for the sandwich beam. 


2.3 PREPARE SPECIMEN BEAMS 


2.3. Sandwich Beams 


During all phases of beam preparation, make sure 


the beam dimensions are not distorted and make sure the beam sur- 


face stays clean and free of any contamination, 


(a) Select a matched pair of beams uSina the pro- 


We ffl i i jal j i ‘ 
"boc i i ii tt tak Lille 


cess described above. 
(b) Remove the step blocks from both the beams, 
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and remove all adhesive from the beam root. Carefully scrape off 
the adhesive with the edge of a razor knife. 

(c) Place the beams on a solid flat surface (a glass 
cleaning plate) as shown in Figure 8, Place the step joint over 
the edge of the cleaning plate to prevent the beam from bending 
and distorting during cleaning. 

(d) Thoroughly clean both beams. Use a degreaser 
such as methanol, and an abrasive cloth such as Scotchbrite. Remove 
any surface oxidation and contamination. Then wipe the beams with 
a degreaser and a lint-free laboratory tissue. Continue wiping 
until the tissue shows no discoloration. Avoid contaminating the 
clean surfaces. 

(e) Apply the polymeric material to one of the beams. 
Do this immediately after cleaning the beam to assure good adhesion. 
During this process make sure all air bubbles are removed from the 
material. 

(1) Place the polymeric material on the glass 
cleaning plate. Then lay the beam down onto the material (see 


Figure 9). This process usually eliminates any entrapped air. 


(2) Press the material on solidly with a 
rubber roller, If any air pockets are visible, use a sharp pointed 
object to break the bubbles, and then use the roller to work the 
air out. Use a razor knife to trim any excess material from around 
the beam, 

(3) Remove excess material from the beam roct. 
Use a razor knife and a straight edge to make sure the polymeric 
material is cut off on a line directly above the front edge of the 
step joint. If any material extends into the beam root, remove it 
and clean the root area thorougnly. Figure 10 is a detailed assem- 


bly diagram of a typical sandwich beam. 


(f£) Measure the polyreric material layer. Jf the 
layer is not thick enough, add material. (The thickness should he 
greater than 0.004-inch or 0.127 mm). To add material it is eas- 
lest te stack one layer on top of another on the same beam. It is 


also possible to adhere material te each beam in the matched pair. 
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Either method is acceptable as long as the resulting sandwich beam 
has an even layer of material that is free of air bubbles, 


(g) Glue a metal spacer to the beam roct as shown 
in Figure 10. The spacer must be the same thickness as the layer 
of material. The material should adhere to the leading edge of 
the spacer. 


(h) Finish the sandwich beam assembly as shown in 


Figure ll, 
(1) Place both beams on a glass plate. 
(2) Peel the top layer of release papaer off 
the material. 
(3) Spread a thin layer of glue on the exposed 
side of the spacer. 
(4) Place both beams on their sides. 
(5) Hold the beams by the step roots. 
(6) Place the free ends of the beams against 
a heavy square metal block. 
(7) Bring the free ends of the beams together, 
so the beams form a "V" with the free conds 
at the point of the "Vv". 
(8) Carefully close the "V", bringing the 
step roots of the beams towards each other 
so the beams come together with sides in 
parallel. 
(i) Glue the magnetic drive disk to the completed 
sandwich bean, If the beams are non-magnetic in the temperature 


range of the materia] test, place the drive disk approximately 


1.25-inch (3.2 cm) from the beam root (see Figure 5). 


(3) Glue the accelerometer to the completed sand- 
wich beam. Place the accclerometer approximately 0.125-inch (32 mm) 
from the free end of the beam (see Figure 5). 


(k) Place the thermocouple in the root of the beam. 
lf temperature Measurements are made in this fashion, it is accept- 


able to have a thermocouple attached to the base plate. 
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2.3.2 Free-Layer Beams : ~E 


Prepare free-layer specimen beams using the pro- 
cedure described previously, with these exceptions: 

(a) Do not remove the step block. ue 

(b) For an “Oberst" beam, adhere the polymeric 
material layer to the bottom of the beam (see Figure 2). Glue 
the drive disk and the accelerometer to the top of the beam, 

(c) For a "modified Oberst" beam, adhere the drive 


disk and the accelerometer directly to the top layer of material. = 


2.4 TESTING THE SPECIMEN BEAMS 


Both "digital" and "analog" systems can be used to qcenerate 
and handle data from vibrating beam tests. The tests reported 
here used the analog technique, The advantage of & digital system 
is that test results can be fed directly into a computer, and 
necessary mathematical operations can be performed at the time of 
the vibrating beam test, 


2.4.1 Carry Out Test Procedures 


(a) Place the specimen beam in the test fixture. 

Use the same process as was used for bare beam testing (see Section 
2.2.1). 

(b) Check the system operation by taking a frecuency 
sweep and noting locations of resonant frequencies of the specimen 
beam. Fiqure 12 shows typical response spectra, For good results, 
each peak should be distinct and should rise above the "backdround" 
by 10 db or more. If the "rising" is less than 10 dh, it may be 
difficult to obtain satisfactory test data from a yiven mode, This 
is especially true if the peak is highly "unsymmetrical." If "pad" 
polnts appear, attempt the following remedies: 

(1) Integrate the acceleration signal elec- 
tronically. This procedure has the effect 
of looking at "velocity" instead of 
"accelcrumeter." 


(2) Try another pickup position on the beam. 
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Figure 12,0 Response Spectra of a Coated Beam, 
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(3) Try another thickness of damping material 
(generally smaller). 

(4) Try filtering the output signal. Use 
this procedure very carefully, to avois 
obscuring a problem, 


If no remedy is successful, the test data must be rejected. 


(c) Conduct the tests. Measure the resonant 
I (-3 dab) and fp 
(+3 db)] of modes 2, 3, 4, 5, 6, and 7. Measure frequencies to 


frequency (f.) and the half-power bandwidths [f 


the second decimal point, and to a precision of ' 0.1 Hz. Observe 
at least two Sainple periods of the counter before writing down 
the frequency. 


Conduct the tests in an ordered sequence of selected 
temperatures. Measure temperatures by using a thermocouple embed- 
ded in the root of the specimen beam, cr in the base plate of the 


test. fixture as described previously. 


Begin testing at room temperature. Take measurements 


ut test points above room temperature at intervals of 25°F (13.8°C), 


Continue until the composite loss factor for the majority of modes 
is below 0.02. For each test point monitor temperature until ther- 
mal equilibrium is reached; that is, until two successive temper- 
ature readings taken at one-minute intervais are within + 2°F of 
each other. After reaching thermal vyuilibrium, allow a fifteen- 


minute thermal soak before taking dynamic data, 


If necessary (to test the maximum damping tempera- 
ture), cool the specimen beam below room temperature. Continue 
measurements at decreasing temperatures until the loss factor drops 
beiow 0,02. 


Use an oSeilluscupe to monitor the exeitation and 
response waveforms. Tf a non-Sinusoidal shape appears, reject 
the point and check the system. Response spectra should resemble 
the exam-Jes in Fidaure 12. Note any spurious poaks caused by 
stray voltages (usually multiples of 60 Ile) or by fieture 


Tesonanees, 


2.4.2 Check Possible Sources of Error 


For vibrating beam testing, as fer any measurement 


technique, errors can arise from several sources. Errors in the 


measured complex moduli of the polymeric material may be the 


result of: 
(a) Errors in specimen preparation, such as noor 


adhesion, voids (air bubbles), joint damping in clamping fixture, 
Or non-uniform thicknesses. 

(b) Errors in temperature control. The thermo~ 
couple may not indicate the specimen temperature accurately because 


of thermal lag (insufficient time for reaching thermal equilibrium) 


Or because of non-uniform temperature distribution within the 


specimen. 


(Cc) Errors in measuring resonant frequencies, as 
a result of too high frequency sweep rate, mechanical relaxation 
of the specimen, or low level siqnals (hence the need to always 
monitor "input" and “output"). 

(dad) Errors in measuring modal damping. Problems 
could include closely spaced inodes, extraneous damping sources 
(such as damping in the clamp), or incorrect interpretation of 
non-linear response as apparent increased damping. 

(e) Error magnification, because of unstable 
For example, in "Oberst" equations (1) 
and (4), the term 
“we » 1, this 


(4° = 1)! aets to magnify errors in nh, or Rh. AS % 


regions in the equations, 
and (2), and "modified Oberst" equations (3) 


factor hecomes infinite. 
While conducting vibrating beam tests it is imper- 
tant to constantly be aware of these and other possible sources 


of erroneous data, and to apply every possible precaution while 


obtaining, interpreting, and utilizing the data. 


2.4.3 Compile Test Data 


For any beam specimen, cach test "point" consists 


Simultaneously measured values of temperature, mode, 
The complete set of data 


of a set of 
resonant freguency, and modal damping. 
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points for each test includes these measured values for the un- 
damped beams and for the damped specimen beams. The raw test 

data for each damping material evaluated include the values of 
temperature, damped resonant frequency (fe the half-power fre- 
quency (fy) and fps bandwidth (.), and the modal loss factor (n)., 


Appendix B contains examples of raw test data for each material tested. 


It is important to evaluate the validity of raw 
test data being generated by a particular vibrating beam test. 
Such evaluation may indicate problems in a test system that need 
to be pinpointed and solved before too much effort is invested 
in the test. One way to evaluate the raw test data is to examine 
the plot of Tine E 4 and fon versus temperature, This plot may be 
generated manually as shown in Figure 13, or automatically as part 
of the test system |6, 7). In either case, Subjective evaluation 
of the test data at this point is an important ster in the testing 


process. 


the valid raw data can now be used in conjunction 
With the appropriate set of equations to produce a set o! material 
properties for the specific temperatures and frequencies measured 
during the beam tests. 


The final result of damping material analysis is a 
temperature nomogram, which expands the limited number of test 
results to a graph from which the designer can obtain the damping 
material's properties (modulus and loss factor) at any given com- 
bination of temperature and frequency. Appendix B contains tem- 
perature nomograms qenerated by the computer system used for UDRI 


Vibrating beam tests. 


The development of temperature nomograms is discussed 
in reference [10], The computer program used by UDRI to qgenerato 


nomograms is discussed in reference [7]. 


Figure 14 is a temperature nomogram with some qrid 
lines removed. This nomogram can be read more easily. The pro~ 


cedure for reading this nomogram is as follows: 
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Select a combination of temperature and . 
frequency, for example 200 Ha and 59°F (15°C). Find 
the point for 200 Ha on the right-hand axis. Follow 
(15°C) 


the point horizontally to the line for 59°F 
vertical 


At this intersection, draw a 
the modulus and loss factor values 


Me 


temperature, 
line, Then read 
off the appropriate graph, at the point of inter- 


section with the vertical line. In this example, 


modulus G (200 Hz, 59°F or 15°C) 
59°F or 15°C) = 0.89. This nomo-~ 1 


= 140 psi and loss 


factor » (200 Hz, 


gram also shows a second example for the combinacion 


$0 Hz and 109°F (42.8°C). In this example, modulus 
G (40 Hz, 109°F or 42.8°C) 


n (40 liz, JO9°F or 42.8°C) 


" 


20 psi and loss factor 


0.469. 


Figure 15 illustrates another application of tem- 
perature nomograms - specifying tolerances for purchased polymeric 
This nomogram has hypothetical acceptance Jirits 


materials. 
Netails of this use of nomegqrams are discussed in 


superimposed. 
reference [9]. 
It can easily be seen from the nomoaraphs that the 


data in this format is amenable to the development of analytical 


equations which would represent the data, The equations used to 


fit the material properties are those suaqested by Roqers in refer- 


ence [6]. 
The ability to represent the dynamic material proper- 


ties in equation form qreatly facilitates the use of this data in 


analytical structural design. A short discussion of the equations 


and parameters used in the curve fitting routine follows, More 


detailed information can be obtained in references j{6) and [7], 


The curve fits to the data on the nomoaraphs were 


calculated by the computer program mentioned previously in this 


The basic form for these equations are as follows: 


Section, 


Storage Modulus 


Mom 
7 L045 9( M, 


log, 9 (Ey) = log 10(M,) + ey en qi (13) 
1 + e) 
where: 

Et js the material storage modulus: 
f. is the reduced frequency; 
Pgs is the inflection point of the storage modulus 
curve as read on the Young's Modulus scale; 
Een is the reduced frequency value of this inflec- 
tion point; 
N is the slove of the curve at the inflection point; 
M, is the Young's Modulus value of the lower hori- 
zontal asymptope of this curve. 

| Figure 15 illustrates the curve fit parameters Mom’ 

= ent! N, and Mae 
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Figure 15, 


Curve Fit Parameters for Storage Modulus. 
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Less Factor 


(RV) = ; + (S } 
FOr gt = MOS G Veson! ee Si 
a 
- (14) 
where: 
n is the loss factor; 
t. is the reduced frequency; 
Nevoe is the loss factor value of the @amping peak; 
cong is the reduced frequency value of the dampina 
peak; 
S, is the slope of asymptotic line for low values 
of reduced frequency; 
Sy is the slope of asymptotic line for hich values 
of reduced frequency; 
C is a parameter which defines the curvature of the 
damping peak, 
Figure 16 illustrates curve fit parameters heGea kt 
rai 
ror’ Spr Spr and Cc. 
a 
3 
i 
3 
4 
; 
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Fiaqure 16. Curve Fit Parameters for Loss Factor. 


The curve fit equations for each material tested 
are included in the materials damping properties evaluation in 


Appendix 6B. 


33 


SECTION IIt 


PRESENTATION OF DATA 


Tne raw test data from the bare beam characterization tests 
are presented in Appendix A, This data consists of the natural 
frequency (tf) for modes two through seven at cach temperature the 
beam was tested at, and the value of this frequency divided by 
its respective Eigen value (£76). Each set of this bare beam 
data is plotted in a similar manner as Figure 17. From this graph- 
ical form of the data, matched pairs of beams are selected. This 
form of data is also used to obtain the natural frequencies of the 


beams at temperatures other than the test temperatures. 


All of the polymeric materials that have been tested by UDRI 
are listed in Table 1. The raw and reduced data from these tests 


are presented in Appendix B in this order: 


(a) The geometric parameters of the heam and material, the 
temperature and frequency test range, the peak and 
range values of the loss factor, the computer file in- 
dex numbers, the equations for the material's charac- 
teristic curve; 

(b) The raw test data; 

(c) The reduced test data; 


(d) The reduced temperature nomogram. 
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TABLE 1. 


Material 


Exodanp 
Tsodamp 
MacBond 
MacBond 
MacRond 
MacBond 
MacBond 
MacBond 
MacBond 
MacBond 
MacBond 
MacBond 
Machond 


MackRond 


C-2003 
c-1002 
1B1120 
1B1160 
TB1200 
1B1220 
I1B1248 
IBn1320 
[B1400 
TB1401 
TR1622 
1B210) 
1B2107 
iB2130 


soundcoat 
Soundcoat 
Soundcoat 
soundcoat 
Soundcoat 
Soundeoat 
Soundcoat 
Soundfoil 
ISD 110 
Wh 112 
TSP 113 
TSH 113M 
TS 330 


n 


Diad 
Diad 
Diad 


LVl2 


Engay Butyl 


601 
606 
609 


POLYMERIC 


MATFRIALS AND MANUFACTUREPS 


R.A. R, 
Bo. Nae PR 
MacBond 
MacBond 
MacBond 
MacBond 
MacBond 
MacRond 
MacBond 
MacRond 
MacBond 
MacBond 
MacBond 


MacBond 


Manufacturer 


Corporation 


Corporation 


(Morgan 
(Morqan 
(Morqan 
(Morgan 
(Morgan 
(Moraan 
(Morqan 
(Morgan 
(Mordan 
(Morgan 
(Morqan 


(Morgan 


Adnesives 
Adhesives 
Adhesives 
Adhesives 
Adhesives 
Adhesives 
Adhesives 
Adhesives 
Adhesives 
Adhesives 
Adhesives 


Adhesives 


Soundcoat 
Soundcoat 


Soundcoat 


Company 
Company 


Company 


Company ) 
Company ) 
Company ) 
Company ) 
Company ) 
Company ) 
Company ) 
Company ) 
Company) 
Company) 
Company ) 


Company ) 


Soundcoat Company 
Soundccat Company 
Soundcoat Company 
Soundcoat Company 
Soundcoat. Company 
3M Company 
3M Company 
3M Company 
3M Company 
IM Company 


URI 
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APPENDIX A 
BARE BEAM TEST DATA 


Temp. Mode {Lf fifa, 
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APPENDIX B 
POLYMFRIC MATERIALS TEST DATA 


Polymeric Material Characterization Test 


Test Ne 79-8 
Bear Nos. 0600 ana Date 12/11/79 
Damping Material E.A.R. Exodamp C-2003 
Material Thickness 0.1204 om Material Nensity 1.716 avoo 
Beam Thickness 0.152 cm Beam Density 2,795 a/ec 
Beam Length 17.78 on 
Temperature Test Range: Between -3.9 cc and 93.3 co 
Presuency Test Range: Eetween 10 Hz and 19 KHz 
Less Factor Tp! 
Peak PO ae: ae. 0.95 Temperature 44.4 o¢ 
2000 2 5, 0.95 Temperature 54.44 ¢0 
RANGE 260 Hz 23.9 ¢c 63.3 °C 
10¢9 liz 3566 8G 77.8 aC 
LOGUN }*LOG(ML )#(2LOG(NRONZAL ) 7 (1+ (FROMZFR SKN) 
TO FROM MRO N AL 
al a2 A3 Ad 
140.0 4,0000E*08 4.0000E+08 -3@@ 1. 7800E+07 
Ae(LOG(FR)-LOG(FROL ) 7C 
LOG(ETA)@LOGCETAFROL 14 (SL 45H A+ (SL-SH)(1-SQRT(1¢ARR2)) C72 
Te ETAFROL SL SH FROL ¢ 
Bi Be B3 B4 BS 
148.0 +950 325 -.325 8.0@00E+07 3.000 
LOG(FRI}- LOG(F )- 1e(T- 107152571. 8+T-TO0) 
Remarks; __ Material was tested as an Oberst type specinen, 
Loctite 404 was used d_ to adhere material to the bean. 
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Polymeric Material Characterization Test sy 
Test ho. 79-9 
Beam Nos. 080-2 and Date 2/15/79 _ 


Damping Material F.ALR. Isodamp C-1002 


Materia. Thickness (0.3068 cm Material Density 1.271 s/coo _. 
Beam Thi “ness 0.2032 on Beam Density _?.795_4/ce _ 
Beam Len,-n — 17.78 om 2 

Tempecature Test Range: Between -31.7 0 29 ane S1.7 of F 

Frequency Test Range: Between £0 Hz and 10 KHz 


Loss Factor ry: a. 


Poak 100 Hz "D 0.500 Teinperaturs AAO! zee 
10090 iz tip 9.960 9 Temperature 9.0 ¢¢ : 
Range 100 Hz a).0-.  8C 25.0 %¢ 3 
1006 Hz 7.0 90 _34.0 9%: ss 
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Te FROM AROMA N AL = 
AL Ad az ae ce 
140.8 1.0@09E+12 1.7590€+08 -358 1.5006E +07 
Ae (LOGCFR'-LOG(FROL1/C 
LOG(LETA )*LOGCLETAFROL 36 ( (SLOSH At (SL~SH)(1-SORT(14A882)))CV2 
T@ ETAFROL SL SH FROL Cc 
Bi Be B3 94 B56 
140.8 900 -226 -.225 3.0000£+1} 4.75@ 
LOGCFR @LOG(F -421T+7O857(52571. 847-78) 
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Polymeric Material Characterization Test = 
Test No; _.78=3 
Berm NOS. Not and Recorded Date 2/3/78 
Damping Material MacBond IB1120 


Materiai Thickness 0.0203 om Material Density 0.950 a/ce 3 
Beam Thickness 0.2032 om Beam Density 2.795 <-a/ce ; 


Beam Length 17.78 em a 


Temperature Test Range: Between S350) Sand 79.4 °C =a 
Frequency Test Range: Between. 10... Hz and 10. KHZ a 
Loss Factor Np? _- 
Peak 100 Hz ese: iyo - Pemperatare . Lec2 se 

1000 2 4, wht. “eenpersture . 32.2. ~ oy 
Rance TINOE EZ «ONO 29.4 °e 

1000 Hz PGs: 5 Sy oo 3 


LOG‘) *LOG(AL 4 (2LOG CAROL ) 7114 (F ROMER ESN ) 
Te FROM MRON fs ML 


At Re A3 A4 
@ 2.0090E+O3 3. 3800E +06 450 7. 7500E +04 


49, q 
As(LOG(FR)-LOG(FROL))/C a 
LOG( ETA) *LOG(ETAFROL 41 (SL 45H )A+(SL- tae SORT(1¢AR32)))C-2 E. 

79 aaa $i 3k FROL c 4 


B4 BS 
40.0 1.500 1.008 -.9880 1.380@E*@3 2.250 
LOG(FR*LOG(F )~12(T-70)7(525/1.84T-TA) 
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Polymeric Material Characterization Test 
Test No. 78-4 
Beam Nos. Not and Recorded Date 2/9/78 
Damping Material MacBond 1B1160 


Material Thickness 0.0102 en Material Density 0.965 <s/ce 
Beam Thicxness 0.152 om Beam Density 2.795 g/cc 


Beam Length 17.78 on 
Temperature Test Range: Between _-3.9  °¢ and 65.6 


Frequency Test Range: Between 16 Hz and 10 KHz 
Loss Factor np: 
Peak 100 Hz XD 2.0 Temperature: oF we ec 

1000 iz "ip 2.90 Temperature 29.4 re 
Range 100 H2 -6.7  %¢ 20.9 on 


1000 Hz 18.5 2 46.1 96 
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Te ETAFROL ac SH FROL c 
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30.0 2.000 -750  ~.75@ 18.000@E+@2 1.900 
LOG(FR )*LOG(F )-12(T-70)7(52571.B¢T-T@) 
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r meric Materia lavacterization Test 
Dolymeric Mate 1: 2} ter t est 


Test No. 78-5 


Beam Nos. ~Not and Recorded Date 2/13/78 


Damping Material Machond 1312200 


Material Thickness 0.0279 on Material Density Q.965  qeee 
Beam Thickness 0.2032 om Beam Density — 2.795 alee 
Beam Length 17.78 ox 
Temperature Test Range: Between . ~17.8 e¢ and 51.7? oo 
Freguency Test Range: B8etween PO Mie ade 2 AOS 
Less Factor Hp! 
peak LOO ie ss 34.5 Temperature 74-4 36 

1000 ifs Min a eS PRME ORE iad 2 
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Te ETAFROL SL SH FROL 


Be B3 B4 5s 
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Test No, PRE 
Beam NOS. Not 3nd _ Recorded ate 2/15 078 
Camping Material Maclond 111220 
Material Thickness 9.0254 an Material vensity G.LYG = ee 
Beam Thickness 6.2032 om Ream Density 2.795 al’os 
Beam Lensth 17.78 em 
Temperature Test Range: Betweer -3.9 oc and Sl.7 O5 
Frequency Tost Ranae RQtween 10 HS ahs Ue 
Loss Factor es 
rear S001 5 0.9 Temperarure | esse ae 
Py eee Ae 

1005 Hz Se 6.9 Temuerature DO ates 
Range ETD 0 ee ee Gra Ie 35.00) o> 
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Polymeric Material Characterization Test 
Test No. 78-7 


yl APR gage ps ey 


; Beam NOS. Not and recorded Date 2/21/78 
: Damping Material MacBond I1B1248 
Material Thickness 0.0178 om Material Density 9-965 0 see 
Beam Thickness 0.1524 om Beam Density 2.975 4/c¢ 


Beam Length 17.78 om 
Temperature Test Range: Between ~31.7 °c ana 51.7 °C 
a 


Frequency Test Range: Between 10 He ana 10 KHz 
Loss Factor Xp! 
Peak 1@0. te -ms 1.403 Temperature _-18.9 %¢ 

1000 tz ic 1.403 Temperature ~l.looon 
Range 100 tz -30.0 °C -6.7 2 
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LOG(FR)@LOG(F )-12(T- 7890 (525°1. 8+T-TO) 
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Polymeric Material Characterization Test 
Test No. 78-8 
Beam Nos. Not and Recorded Date. 2/277 78 
Damping Material MacBond IB1320 


Material Thickness (0.0381 cm Material Density 0.965 e«fce 
Beam Thickness 0.2032 cm Beam Density 2.798 q/cc 


Beam Length 17.78 cm 


Temperature Test Range: Between -3.9 °c and 65.6 °C 


Frequency Test Range: Between 10 H2 and _10 KHz 
Loss Factor Np? 
Peak 100 Hz 1.5 Temperature 12.2  °¢ 
1000 Hz 4a, 1.5 Temperature 32.2 20 
Range 100 Hz oe Re eae Os 32 235-80 


1090 Hz VS6 22 8, 5 2-- PC 
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Polymeric Material Characterization Test 


Test No. 7R=9 

Bean Nos. Not and Recorded Date 3711778 
: Damping Material MacBond IR1400 

Material Thickness 20,0178 om Material pideuey 0.96% Bice 

Beam Thickness 0.1524 cm Beam Density 22 F eA. 

Beam Length 17.78 om 

Temperature Test Range Between ~-17.8 %¢ aad G5.6 °C 

Freoauoncy Test Range Between 10 Re an lok S 
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Polymeric Material Characterization Test 
Teast tio. 78-12 


Beam Nos. Not _ and Recorded Date 3/20/78 
Damping Material MacBond IB1401 fs 


Material Thickness 0.01524 cm Material Density 1.103) gvoc 


Beam Thickness 0.1524 om Beam Density 2.795 g/cc 
Beam Length 17.78 am 
Temperature £ Range: Between -20.0 °c and oy ey Se 0 


Tes 
requency Test Range: Between 10 Hz and 10 KHz 


Loss Factor Ny: 


Peak 100 Hz os, _':25 Temperature  -6.7 °c 
1000 iz ony 1.25 Temperature 15.6 o¢ 
Range 160 Hz eT) 2¢ 12,8 26 
LOOU' HZ . =F. Pe 37.8 2E 
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Polymeric Material Characterization Test 
Test No, IBS. 
Beam Nos. Not and Recorded Date 3722.78 


Damping Material MacBond 1IB1]622 


Material Thickness _0.0203 cm Material Density 1.103 g/cc 
Beam Thickness 0.2032 em Beam Density 2.795 a/ec 
Beam Length 17.78 om 

Temperature Test Range: Between S3h52 8 C-ang Sis 7 oC 


Frequency Test Range: Between 10 H2 and 10 KHz 
Loss Factor Ap! 
Peak 100 Hz np ee Temperature °15.0 2% 

LOOC H2 5) 1a Temperature 6.1 9¢ 
Rance 100 liz -28.9 °c a ee 

LOQ0-HzZ. ... 7,8 %¢ 29.0 °c 


LOG I) LOCC AL 4 (2LOG(MROM/ NL) )7( 1¢(FROM/FR EIN) 
70 FROM FROM N AL 


Al Re A3 a4 
20.0 7.c8@0E993 8.2000E +06 1600 4.00005 +05 
Av LOG(FRI-LOG(FROL) )/C 
LOG(ETA)*LOG(CETAFROL )*( (SL+5H )A4(SL-SH)(1-SQRT(19ARK2Z)) C72 
70 ETAFROL ES SH FROL Cc 


Bi e B3 B4 BS 
20.0 1.300 1.000 -.75@ 3.@@@0E+83 1.000 
LOG: FR )@LOG(F )-126T-78)7(52571 .8+T-TO@) 
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Folymeric Material Characterization Test 


Test No. 78-14 
Beam Nos, Not and Recorded Date 3/27/78 


Damping Material MacBond 2101 


Material Thickness 0.0203 Em, Material Density 1.049 «/ 
Beam Thickness 0.1524 on Beam Density 2.795 «/ 
Beam Length 17.78 cm 


Temperature Test Range: Between -17.8 cc and 93.3  o¢ 


Frequency Test Range: Between OL AZ and 19 KHZ 
Loss Factor hp! 
Peak 100 Hz Ny _1.470 Temperature -9.4 °C 

1C00 Hz np, _1.470 Temperature 10004 °C 
Range 100 Hz “17 x8. °C 8.9 °c 

1000 Hz Ca Se as 31.1 °C 


LOG( PM) © LOG(NL )#(2LOG(MROM/ML 7 C1¢CFROFZER BEN) 
Te FROM ARON N AL 


Al Re A3 Ad 
30.0 4.7887E+93 9.9865E+06 412 2.2607E +05 
As (LOGCFR)-LOG(FROL))7C 
LOG(ETA)s« Deeb ee ca eee SQRT(14ARK2))IC72 
af’) an ROL Cc 


BS 83 fe BS 
30.0 470 -182 -.35S 6.2003E+03 - 180 
LOG(FR )*LOG(F J -12(T-7@)7(525/1.8+T-T@) 
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—_—_ ee ee eee eee ae 


127 


; 

: € JO [ sbeg 

3 x |  seved o'zes | zrorse | 2°98Ke plete eo bpee yy) ee ee | 
x Lees Z°OOTT 00661 Pot) 0h oe a ee 


000E *O) 
LEzE “| 


€°Pttl O°ELS ae! 


8° 2669 9°ECSH t° 


9° OTS 


6° Tt 79 


f° 699t 


9860°0 
0990 °0 
bog9g-O 
9TLO°O} 


T0cel S*6ceT 


| 
| 6720 "O| bp Olbt 9°LL9 S°9ZbT | 
© 9TG S*TbZ Sarcoma 


eas 


av 3 3 3 3 Jo 


pap Y JON 
bi-8i "ON FSOL 


“ON ureag 


AR TE TT RT 


¢ 7O ¢ a5ed 

ULeO" 9°G2 T7189 aor eseo | a7eeo oT} e+ ST | 

Sood": eet Grae |. hoes ee ee 

as ae Es 

20° £6 zesze | 6 cote ¢2 6026. | .-e° 

Z°9PTZ | 0" 

ae (ya | 

0°99 6°199 gga Hg}. BST 
b 6k 6°SE2 1 gt 
»bS0° 9°L0SP b 627 
ee a ee B°OzZE | Sei 
ee a 8°ZOvt ae | le. “S21 
| ezzt'd £798 S*2S2 a as (a aa as a 
szeto, s'le | 9768z_ | orpaz |! 2 SZ1 
| ttt) 6 6bs =| b'Séeb | g'6zip t} 2 | 001 
Z°6pTE e'oeze | z700re Il 9 Oot 


t 
ee ea 070 
| z:9ez | pc ezst 2° TBZT O°6GfT | 6°Z0bT vp | OOT 
Tee PEA ee, eae 
aeT Sy 39 Be ag mg 3 do 


paeproossvd FON °ON UPeg 
PI-8L “ON F598 


Shz B°7ET2 p-z9tz | 170822 e | oot | 


muy 


S°O9PP 


“LETE £961 


139 


£9Z0°0 37269 
LSbO° se 9°8p2 Saez 17 hEZ 6°2bz 


8°£CSP B°7SbY c°Cl oP 


To Tpcte 3° LETTE GS LO6TE 


cui CP eee eee TT EER TT r 7 
! 
/ : . ad ° L = 
‘ ° G . / a 7 


8° TLZT2 pete | c Pp LeETZ 
s R | 
aPT u 30 "3 a ie ze on | 


poploososy ON °ON wWeag 
pI-8L “ON FSOL 


“GOW X31dw0d 


a eee ee a nn ani ma soma ue ent Sena Bde emilee 3 di 


° * 
FSCEERLS 
an Gt) oot 

ume HUM” 


* 


Bane 
TUN 
se ~~ 


er ugeansa sy 
pe bb ich 


aesazyeu 


or eee ee 


THM KH BNMAVNACOETONTOEM 


a 
ad 
WY 


Rver 
bd 


8 


BV ODOL OTE VE OF ONO SBUNOGOTAADDM NODWAAMNUUN RON TIN minnow ie 
evcereeveee oe ee ° . ° . ats ° oe 
an ee 
eg aeee PERE 
WaWVUwonnwu “ 

wr enue Per. 


ood 


$$07 


"aad" we3d =3L1S0dw0) 


@lexSestS"3 
Ot+266r1S'9 
OleRTOTh'S 


ete3tSess'9 
o1e¢368SSS'9 


014326599" 
@t #326523" 


@te3VeLeB~ 


BI+RLery.°9 
9t+316S22°9 
O1¢38St22'9 
@1+382622'9 
eRawsn 
“QOei WEIS 


*L 6'eSrr 3°86 S€ét* 
“9 €°S6IE 9°@6 EesBe- 
"Sv @ri2 «69°08 2$82° 
“vy 9°282t 9°08 S209" 
“€ 6°<e39 $°66 6Sd¢° 
“2 6°22 8°06 stes- 
“6 6°SBrr = Be GEIS 
°9 Tort2e =o Be elias 
“Ss teste o Sz See: 
‘te S*SOET vr 62 2scs° 
“¢€ e°r29 ®° 62 cees” 
“20 -9°9v2 v 62 ¥99S° 
it 6°S2@Se 3°S9 80399" 
i) 2° er2e 9°$3 5699~ 
“Ss e-ezte 3°S$9 16399° 
"y <2°@2ETtT 9°99 TSEz° 
a 3°E383 9°S9 2€e° 
‘2 1° TS2 9°S9 @fE2° 
“2 €°€6Sr as Sets” 
“9 T° t62€ 2°us @€S6° 
'S S°Et22 21s ¥028° 
“ry S9°6RPET ects $626° 
"E2202 on $-) 6996" 
‘2 9° ¥92 2°us 8156" 
*2 E "6226 S°2e wirt td 
°3 ¥ "COVE S°2E arér°3 
“Ss 3° e822 g°2e ttSe"t 
‘ey 6°2e0vt B°Le€ i. 2 | 
"E 6°6S2 B-Le 2cse°s 
‘2 €°S@28B B°Lt- se92° 
i) 8°2519 B°2t- e€r2° 
"Ss 2° O61r g°éT- Bize° 
*>+ §«2°6S992) = 8'at- 68be° 
"Ee «=6©§"92eT) | BAT v89C" 
"2 c'e2S 8°Lt- E228" 
“2 6kceSSe— BE Stre° 
“9 «©@'@e2S)— BE Tesr* 
“S$ €°@68E 6°E- 28lr- 
“+ 9* Tes2 6°E- 38Sr° 
€ S°S2ET 6°E- 925° 
“Ze oes g°e- Lr06° 
“2 «lt eeeS) = eT 9E8L° 
°s 2° c&&e e°ey @€Sé* 
‘ry S°68TS 6°Ot 20€2°1 
°€ c°eset eer etat th 
ve BM cud eet 8682" 1 
‘4 S3°80ES 2°ee c9so°t 
°S 6°erg2 2°22 *60r "Tt 
"€ $°se6 2"2ze 8229'2 
“OW 2H 2 "930 B0LI93 
Now 80° 03389 “gW32 §$01 


Pe ET RTT AE EAN eT nm  rUep 


HOOT FR RTI 


90>258lIr "6 bP 
Ga+3t9enr9°L Se 
SO+32BCOE 2 LP 
SO+WiL2t'y Bd 
Se*2O6Sel'c Sr 
Se+ztSces't py 
90+2756820'3 Er 
Se*eer6'8 cr 
S$@e3eS20S°9 Ir 
SOcJFSERL + Or 
SeceFWLI9'E BE 
SO+32Ov2-°2 BE 
90+326069' 3 LE 
9O+3rES9T°T SE 
S@+32BOBEE SE 
SO+39E221°9 of 
GO+3ICCS8"y EF 
S@+JOCETO°E 2E 
9@+3PB2rE-e TE 
90+35.522°T @€ 
98+ ¥BE'I 62 
90+3B82ete"! Be 
SO+39v29E°8 2 
SO+31BEE2"S 92 
98+3692S5E°» Se 
90¢35rrreE Ee v2 
9@+3S52628°2 €2 
9@+38TEL2° 1 22 
9a¢atizg't le 
B80+32210°2 O2 
80+30"72839°2 63 
8e+3579T9°S 83 
Be+WSSC9't Lt 
B6+3750@TT*2 93 
Be+3vE99L°T ST 
BO+32BEST°T et 
BOrezrevet % Ct 
20¢3€S9825°8 ef 
LO+7TZ2~6°L tt 
Largstec.’B8 Of 
LO+3L2S6e"" § 
LO+32E899"°¥ 8 
20+3v8ELB°2S oc 
2@e3er2ee‘2 9 
20+39C8S2°2 SS 
LSeTTOZEO'T 
LOePOTBOE'T C 
gecexserse'sB 2 
SOe39ve1°S Tt 
2stusn 
smindou "ON 
JON? ABIHLO 
ase 


CTaGN> We3e HOLAQNVS: 


SIRMNGS Yivd 
oT-B82 atts @1 GNOSQWu: TWldIVe 
3 3402 WinNT asEXS 


Iegilees 


ZH Y¥4 AQNSNOZSS F39NGIS 


eT 
, Ot Qt 1.01 
\ 
x, 
t ¥ 
Z Wid 
H Y Z| a 
Nj 
4, ot jr Ola 
5 Fs) 
p n 1 :. 
9 q 3 a 
N nf oy 
i / ee 
0 
cr) S 
dq 0 
3 1 
y 
: 
, or 13 , 


: 9 7930 1 3uNLvaadW3L 


Polymeric Material Characterization Test 
Test No. 78-15 


Beam Nos. Not and Recorded Date 3/36/78 


Damping Material MacBond 1B2107 


Material Thickness 0.90178 om Material Density 1,049 «a/so 


Beam Thickness 0.2032 cm Beam Density 2.795 4/cec 
Beam Length 17.78 om 
Temperature Test Range: Between -17.8 c%¢ and 93.3 an 
Frequency Test Range: Between 10 Hz and 10 Kz 
Less F : 
Loss Factor n, 
Peak 100 Hz ny __)-32t Temperature 8.3 6 

1000 ilz Np Jago). Temperature A Oe aL 
Range 100 Hz ek iS a Ce” Ce Se 

1000 iz 12h AC 50.0 °c 
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TAFROL StL 
a 


Be B43 B4 BS 
Se.e 321 -169 -.32S 1.5063€+04 - 308 
LOG(FR)e SLOG )= t2(T- 70)/(52571.B4T-Te) 
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Polymeric Material Characterization Test 
Test No. 78-17 
Seam Nos. Not and Recorded Date 4/11/7 


Damping Material MacBond 1B2130 


Material Thickness 0.0203 cm Material Density (1.103  s/co 


Beam Thickness 0.1524 cm Beam Density 2.795 evec 
Beam Length 17.78 om 
Temperature Test Range: Between -31.7 °¢ and 93. 3 9¢ 


Frequency Test Range; Between 10 HZ and» 10 - Kuz 
Loss Factor 4): 
Peak 100 Hz 5 1-408 Temperature -9,4 2c 
| 1000 #2 i, 1.408 Temperature 8.9 °c 
Range 200 Hz -20.6 ra 4.4 °c 
: 1000 Hz -1.1 2c 30.0 Fe 
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Poiymeric Material Characterization Test 
Teet No 79-4 
Beam Nos. Q60C_ and 060D_ Date <2. S679 
Damping Material Soundcoat DP 7 ee eee 
Material Thickness 0.0102 on, Material Density 0.965  ofee 
Beam Thickness 0.1524 om Beain Density 2.795  gq/vce 
Beam Lenath 17.78 on: 
Temperature St Ranger «Retyoen. li. oS ane. Ibe oes 
Frequency Test Rance: Between 10 Hz and. 10. Kuz 
Loss Factor nu: 
(es if D 
Peak 100 H2 Tis £f V9 TOMPCP GLUE: 70 v4 ee 
1000 iz Ny 0.9 , Perverature. Iii oe ee 
Ranae 1cC Hz 40.6 Te 116,67 6¢ 
100¢ He _ 62.8 are 150.00 ¢¢ 
LOG(P) *LOG(ML 14 (2LOGCMROMZML ) 7 (1+ (FROM/FR EEN ) 
70 FROM MROM N ML 
Al Re Ay a4 
7S.0 4,@000E+02 1.4000E+06 1200 5,5608E+04 
Ae (LOG(FRI-LOG(FROL ))/C 
BOS eT OSCE Or RCE clout entens SH)C1-SORT( 14A882))9C72 
Te ETAFROL SL FROL Cc 
BI Be Fa B4 BC 
900 + 40@ -.208 1.8000E +0! 1.500 
LogieR)« LOG(F )-12°(T-70)7(52571.8+T-T9) 
Remarks: _ 
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sestahce SOS] 
Beam Nos. 080-land 080-2 Date 1/80 
Camping Material Scundcoat M 
Meterial. Thickness. .0.0127 -cr, Material Density Leo eto 
Beam Thickness 0.2032 om Beam Density 2.795 q/ec 
Beam Lenath _ 17.78 om 
Temperature Test Rance: Between -45.6 ‘oc and 65.6 Fel 


Frewuency Test Rance: Eetween 10 H2 and lo KH2 
s 


LOSS Factor +r. 
Peak 100 BZ oti. Pe5 Temperature 32.2 Fe) 
1000 H2 oy LD Temperature 65.6 °C 
Range LOO RZ . 2. = 1732 EES S26 257527 OE 
1690 Kz 44.4 eC £0 ye raha 


LOG( MD © LOGICAL )*+C2LOGCMROM/BL) 7 C14 (FROMMER X2N) 
Te FRON mROM N mL 


al Re a3 A4 
-10.0 6.0000E+82 8.S5080E+06 -600@ 3.50006 +05 
Ae (LOG(FRI-LIG(FROL ) 37C 
Deere eeee percep eee ean tte ae ee ee 
Cc 


TO ETAFROL SL SH 
Bi Be B3 B4 BS 
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Ream Nos. 080-] and 080-2 Date 11.727779 
Damping Materia] Soundcoat X 
Material Thickness 0.0127 a2: Matérial Density 1.049 «evoo 
BSS ae i/ee 
Beam Thickness 0.2032 ¢n Beam Density 2.795 afee 
bear Length 17.78 op 
Temperature Test Rance Between ~31.7 ec and O:3:,.3 Ce 
Frequency Test Range: Between 10 H2 and 10 KHz 
Loss Facttr uy: 
Peak 160 He. we. de Tenperature  -ll.1l o¢ 
1000 iiz on, 1.3 Temperavure 4.4 °%o 
Ranawe 100 Ve -28.9 ‘ 3.5 ee 
100 liz -17.8 has id an 2 Oa 7 ec 
LOG(M)« FEO ee C RE a arene kom 
Te MROM a lB 
Re Ad 
75.8 1. 4000 +06 9. CO8BE +96 93325 2.0900E+0S 
A*(LOG(FR) -LOG(FROL))/C 
LOG(ETA)*LOG(ETAFROL )*( (SL45H At (SL- nan 1-SQRT(1¢ARR2)) IC7e 
TO ETAFROL St SH ROL Cc 
Bi Be 83 oa BS 
75.0 1.280 .35@  --.95@ 4.3008E+05 2.250 
LOG(FR )@LOG(F I-121T-70)7(52571.8+T-T0; 
Remarks 
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Polymeric Material Characterization Test 


Test No. /71ll 
Beam Nos. _050A_ and _050B Date 1/26/77 


Damping Material Soundcoat Diad 601 


Material Thickness 0.0381 cm Material Density 0.965 ad/ec = 


Beam Thickness 0.127 cm Beam Density — 2.795 g/cc z 
Beam Length 17.78 om : 
Temperature Test Range: Between -3.9 °c and 65.6 °C 4 
Frequency Test Range: Between 10 Hz and 10 K H2 = 
Loss Factor Tp? g 
Peak 100 Hz ny, _1.01 Temperature 10.00 2¢ 4 
1000 Hz in 1.01 Temperature 29.4 °C : 
Range 109 Hz —_-9.4 oC 32.2 %¢ q 
1000 Hz 29,4 2C Shae 9¢C 


LOGCM)eLOGIAL + (COLOG(MROM/AL ) 7 (14(FROMZFR )E3N) 
af) FROM ARON N ML 


Al Re a3 ad 
40.8 7.32516+03 1.6863€+07 -406 2.9765E+05 
Ae (LOG(FRI- (dectRot> ye 
LOGCLETA) eLOG(E TAFROL )4( (SL4*SH )AS(SL- eeaee -SORT( 1 *AEB2))ICZE 
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Polymeric Material Characterization Test 


Beam Nos. Not and Recorded Date 2/10/77 
Damping Material Soundcoat Diad 606 

Material Thickness 0.0381 om Material Censity 6.985 ayo 
Beam Thickness 0.1778 cm Bean Density 2.798 4 les 


Beam Lensth 17.78 om 
Temverature Test Rance: Between 10.9 ?¢ and 933) FC 


Frequency Test Ranae: Between 10 He and 10 KkEz 


Loss Factor Net 
Peax 100 Kz Np 1.01 Temperature 38%. 7 2 
1000 tiz Me 1.01 _ Temperature See. ae 
Range 100 Hz 15.6 ce 68.3 °¢ 
2000 Hz 29.4 °C Ee ee 


LOG(M)*LOS(AL + (2LOGCMROM/AL 7. 1 eC FROM-FR EEN) 
Te FROM MROR N ML 
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A*(LOGCFR)-LOG(FROL))/C 
Saree a en ee poate ~SQRT(1+ARKC; IC! 
Te ah ee aa FROL ¢ 


84 BS 
20.8 .010 +400 -.60@ 3,20000E+04 2.500 
LOG(FR)« Loctr)- te(t- Te)7(S25/4. 8+T-T@) 
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Polymevic Material Characterization Test 


Beam Nos. 0700 and C70E 


Dampanse Material Soundcoat Diad 609 


Material Thickness 0.0406 cm Material Density 0.965 c/ee 
Beam Thickness 0.1778. cn, Beam Density 2.796% avec 


t Ranae Retween 19.4 ec and 121.5 %¢ 
Freauency Test Pane Between 10 Hz and 10 Ke 
ess Facto} pb! 
Poak 100 H2 4», 0.610 Temperature 37.8 ec 
1000 Hz » 9-610 Temperature  _G0.0 ee 
Range 100 Hz 10 0 oC 73,9 ee 
1000 Hz 29.4 are 1 athe eo 


LOG(M)*LOGCAL )4( 2LOG(MROM/ZAL 37014 (FROMZFR EEN) 
To FROM SROM N QL 


Al Re Az A4 
70.0 2.@000E+04 S.0000E+37 +3@@ 8,5000E+85 
As(LOG(FR)-LOG(FROL) )/C 
LOGCETA) =LOGCETAFROL )¢( (SL#SHIAS(SL-SHI( 1 -SQRT(L¢ASE2)) C72 
TO STE eoE SL SH FROL - 
1 


Be 83 B4 
79.8 +610 +400 -.40@ 2.2500E+03 2.500 
LOG(FR}*LOG(F )-12(T-T8)7(S25/1.84T-T0) 
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Polymeric Material Characterization Test 


Test NO. 80-2 


Beam Nes, 080-1] anc 080-2 Date 3/20/80 
Damping Material Soundfoil Soundcoat) F 


Material Thicxness 0.0259 om Material Density 1.095 Lee 
Beam Thickness 0.2032 am Beam Density 2.795 ace 
Bean Length 17.78 cn 2 
| Temperature Test Range: Between ~39.4 of and 65.6 2% : 
: Frequency Test Range: Between 10 EZ anc 10 EK is. 4 
Loss. Factor ip? 
Peak LOO HZ hy __ 1.010 TemperacuSe 7h 32 es 3 
1090 H2 +. 1.910 Temreracure -2¢.1 : 
oe] See 
: Range 106 '- -€5.0 35 “$27.8 «5,5 
pee eres 
Lode Hz 42-8 on 1 ee 
i 
} LOG CP) =LOGCAL 14 (2LOG (MROMZAL ) 37014 (FROMMER DEEN} 
79 FROA MROM N AL 
Al a2 a3 Ad 
30.8 10.@Q006 +03 10.0@005 +07 +275) 4.eS ROE 48S 
Pe(LOGCFRI-LOG(FROL) )/C 
LOGCETA)= pe ce ee areca rarelt apy ioe: pHoeds SORT(1*ARK2))ICZ2 
Ta ETAFROL SL ROL Cc 
. Be 33 ee BS 
-30.0 +018 700 -1.258 2.80000E +03 1.5200 
LogrFR I= LOGIE D- 12(T- T0)7(525/1. 8+T-TQ) 
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Polymeric Material 


Beam Nos. O060C and O6O0L 


Characterization 


Test 


Test No. 79-2 


Date 5/79 


Damping Materiai 3% ISD 110 


Material Thickness 


0.0127) om faterial D ty Os 

Beam Thickness 0.1524. om Beam Density 2.795 
Beam Length 17.78 om 
Temperature Test Range: Between 17,9 -9C@ anc 12) 
Frequency Test Range: Between 10°... He- and 10 
Less Factor Vey? 
Poak 100 Hz ip todd “Tenperacure 43.5 °C 

LOO: GSe ah 1.14 Teamrerature 60.0 ora 

pe ee 

Range EQVHES. S32 D880 9S 82,2 zc 

1009 Hz 29.4 °C 119.0 &E€ 


LOG(M)*LOG(AL )4(2LOG(MROMLAL) 7( 14 (FROMZFR DEEN) 
Te FROM PIRON ML 


73 
A= LOGCFR )-LOG(FROL) IC 
LOG(ET 
Te ETAFROL SL 
Be 


al 
@ 5$.0000E+@3 ad. 


e 
. 300 .350 


B3 B4 
70.0 -.480@ 2.00@9E +03 
LOG(FR)« CLoGiF os 12(T- 70)/(525/1.8+T-18) 


Remarks: Composite structures 


heat-soaked between 51.9°C and 


Insure cood adhesion. 
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Polymeric Material Charectecrization Test 
Test No 79-3 
Beam Nos, 060C and 0600 Date 8/79 
Damping Material 3M ISN 112 
Material Thickness 0.0127 ogo, Material Rensity 0.965 avec 
Beam Thickness 0.1524 om Ream Density 2.795 «es 


Bear. Lencth 17.78 om 
Temperature Test Range: Between -31.7 °c and 93.3 °¢ 
Frequency Test Range: Between 10 Kz and 10 KHz 


Loss Factor Tht 
Peak 100 Hz Mp 1.08 Temperature 7.2  ¢¢ 
1000 iz on, 1.08 Temperature 29:40) 2G 


Range 100 Hz =12.52 OE 8 on 
1000 Hz 4.4 °G 76.7 
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Te Eee MROA N ML 


a2 A3 rv} 
40.@ ce. eedee+ea 4. 7500E +06 +275 6.080Q0E+04 
Ae (LOG(FR)~LOG(FROL ) 17 


LOG(ETA)« LOGLETAFROL +4 (SL#sH)Ae«SL- rea Roan Canetti ee 
Te ETAFROL SL Sh FROL 


bs Be 83 


84 
- 088 458 -.55@ 5.0@00E+e3 2 see 
Loacees. "Logie as 42(T- 7e)/(S2S/1, 8+T-TO) 


Remarks: “hermoqravitational (TGA) analysis 


revealed significant decomposition of this matrrial beainnins 
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Peivmeric Material Characterization Test 
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Test No, 77-6] 
Sean NOS. — O70D.. anc _ 070i Date 5/4/77 
Damping Material isp 113 
hal Thickness 0.013 en Material Pensity 0.969_ ee 
Tiaickress 0.178 of Ream Density 2.795 cece 
Bear: Lencth te eee 
Temverature Test Rance: Between -36.1 C..2no: Go25 oc 
Frequency Test Ranac: Between a He and 100 RRS 
Lose Facter hp 7 
Peak 100 Hz hh 1.25 Temperature PI aon = Oe 
160C Hn 1, alee remrerature 10 ce 
Fance 103 He ~35 a> ake as 
1GQso fic 35 a. -15 eo 
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10.0 2.0000&+04 2.08006+07 -308 7.50@0E+04 
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LOGLETA)*LOGCETAFROL )4( (SL4SHIAt(SL-SH)(1-SQRT(1eARK2)) ICE 
TO ETAFROL $L SH FROL Cc 
B1 Be B3 B4 BS 
10.0 1.250 -800 -1.000 2.5000E+03 3.000 
LOG(FR )eLOG(F }-12°T-T0)7(52571.84T-T@) 
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Felymeric Material Characterization Test 
TESt NS;  . 7955 : 
Beam Nos. 060C and 060D Date 6/79 : 


Damping Material 3M ISD 113 (Modified) 


Material Thickness 0.0127 of, Material Density 0,965 «/cec 
BGaGo LT RAGCA Ress “Oy Sod crt Beam Density 2.795 avec 5 


Beam Leneth 17,78 cm 


Temperature Test Range: Between -45.6 °c and 65.6 °C 


Frequency Test Rance: Between 10 H2 ana 10 K Ez 
Loss Factor Ny} 
Peak 0G KE py ples Tomperature -7 0 ec 
10G0 fiz Mp. 1.5 Temperature -1.1 fo 
Rance 10¢ Hz ee a es -6 i oc 
1006 Hz -12.2 ¢¢ -1.1 Fa 
MATERIAL 1M0OD. ISD 113 
COGENT CLOGCRL 3+<8L0G (RROMAL))/ (14(FRONVERS9N) 
ee ae eee See 
He LE) cts hk adit -385 «8. 0900E+04 
Ae( )-LOG( 7 
LOG Te TANS LOGCETAFROL 34 (SLESH IA#(SL-SH)( 1-SORT(14A382)) C72 
ae dl ee eae 
10. 1.$00 -300 == .500 3.5000E 903 «300 
LOG CFR DSLOGCF )-12(7-70)7(525/1.8+T-TO) 
Aemarks eee eee ee ee 


2 


a 


UO’ S82 


Q6°aS2 


O6lS6ZET | OT 2eFT 
63° 6L9 IE 9TS 
GZ URC ag" ¥Te 
0y°€89 OU" PIE 
Te vez OS* OE 


Ob'3Lz 
y 

OL L9it | C9°SEL 
OO fEE 
06 LeUZ BL Leet 
Or 9ITT 09°€89 [ Of SIZT 
09° TtP 06°8SP 


| or 06h | 68° 9be | OF °96b 
pages cree) Cp poe? | OL OULD 


Og “C€S9¢ 99°8PET | U0'B99C 
“BBET OP Pett 


689 
Lb?c O9°2 TS 


Ov LOET 
08° 667 


9 


05 GT 


LE 


Eee eran Meee 
u o) 
aDT Sy 39 ny ay 3 j as 
eerie eS 
qo90 D090 “ON Weod 


er : + dist dead 6 seni alii taeaintan aman stint ate ian NAGAR CIEE 


ZY 


CERT PARR! ay AMERP See prs eT EGE ere “—— : 4 


Zz jo 2 abeg 


na seal — —_——— —_—. 
! aaa 


8800°0 Or’ 6t Gr cOzZZ} Ot rBIZ 8b B92] Oo PEIZ |! Ss 2ST 
ee nad 6010°0 Or’ PI O9°TELT] OZ°LTET SS°OTEL| U6 EZEL |: Ob CSi 
TSTO*O| uz°ot | wut (89 06°0L9 OT'699 | 06°S2 c 2ST 
Cee ee LS20°O 0L*9 Ov 8bZ Ol’ Zbe 6£ ORS Ob Pe Z EGl 
Of Tez gbsetz| oe-gozz || s | rzt | 


O9°EE 06° Pz22z2 
| fs O8'b2 | O08 9btt 
| 


00°¢cet Oz plet| OF vEEL |i pet 
OL°G69 fS°tLo. | BL ted |l rel 
E71 Ge <2 rai 


GO"CSe? 
O9°99ET 
09° POL 
06° 192 
O9°STte 


035° PéTZ 
OE" PZET 


1? 


0S °S222 
OZ“ 9bET 


vO°6TEeT 


HP NTN TN 
CoT,o);o 
Aye ta 


0S" 
OL *S8Te 


S 


= 


OO°9STPT O7 (eet 


8890°0 Op dt 
88S0°0 06° cel 


pL 
aa O08 6EL Ot rL9 € Sé 

| ae OB EEL OP BPC | 

: P| : Pata OL bloc | US L8El S co 

; eeeeieets Geer ee Spon| “quay, 

apt Su 39 ay “3 “3 se do 


' qgo90 ‘D090 ‘ON uesog 


j ia a ™ rr | 


Se+3TCETS™ 
See 32e2Th" 
59+35S1e0" 
bo+3ar2t2- 
SO+3THETE 
$0+309T by: 
50+ 386 182" 
$8+320990" 1 


MAUMD AM AMN 


S$8*3Z3192°2 
98+392S590°9 
9O+312808 °E 
90+ 328EEE “2 
S$0+329958°6 
98+*3€66S0°E 
98 ¢ 392908" T 
90+ 36S5980'T 
$0+366S09°S 
904392966 “+ 
90+30EST6'T 
240+3TTEO6'T 
204326780 '°S 
9O+3TESEO"2 
20+3362ET*2 
264+35¢¢28 "1 
40+ 32826E * 3 
20+38S8S€ ‘1 
LO+3TTB9E°T 
d0+3E2LEI°S 
eazui/s 


“dO X31aMO9 


vu 
=O 
Oa 
“an 


fe 
wo 


coe eet e wee 
yoerguna 
PAPE tobe 
WUSM «wy 
ala’) 


; 


meat rune 
MUWUUM AMO 
~ Seki] 


WDAWDS TUNMVUWAWKMMUMN HK SNMMON 
ia] 
2 
© 


Ses 


“0343 Ww3E = 31TSOGNOD 


peer ep em TM AT RN YAY PT Sm 


O3+3E%226°% 
e3+3TSEeL°9 
@1+3€9002 "2 
O%+361169°9 
@te3t2L69°9 


OT +398Sr2° 
@t+3e28ec" 
otsasc are 
@b+3te2e8° 
@1+382062- 


@t+ZIGEES 
OT+36E TeB 
Ot+J9TerS 
Q3+3SPEE6" 
@t+32 1656" 


@ 

“~ 

g 

3 

co 
WOOVOCHEVEGHEOHOUO 


ww 


@1+328E€88° 
@1+308£"86°9 
01 +3€9066°9 
wl+zecvee'’e 
O+3t81.6°9 
@1+3€ .066'9 
OT e32S260°2 
Oleztesce 2 
@leIS9LrO “2 
Ole3268et 2 
@teBectt 2 
@t+329580°¢ 
Ote3@Sratrs’ 
22zW/N 
“Ow WHS 


. 


THUMTNUMANUN TWN 
a 


RARER ana SEES? 


Be 
20 


SOK CAAMNMAADA cer Ht eVUOK AY 


an 
ak 


an 
erat 
1rmN 


mov 
~ 


oes 


Aanr~etwo 
avr 
ut 

“~ 


oe e © Be wo ee we we ee ee 


ot 
Raa 
~u 
@ 
oe ee 
880O mH HK AMMM 
Torte ot 


avr 
Tt 
moa 
| in 
: 14 


: ‘ 


HA ANUNUNNGSBOTT 


ee ee ory pat + 


SeLE"t 90+30S20r"2 


8125" b+ HBBEG"S 


GE20"T $0+362e929°6 91 
L42ZO00°2S2 «=. BH BSLTSH' IT ST 
saes~t $0+326c8T Tt 

6eg2"t $e+3L9£09° 2 et 


ETT GSI *dow: Wissew 
Bits 30D WIND eIVG 


h 


ee OTA | 
AOA AAAAG 
AMAA EM, r 
MALL | 
KLM: 
Ala 


93d L JUNLYeadW3L 


1 
‘ij 

t 

i] 
| 
t t 

i} 
evaded 


Polymeric Material Characterization Test 
Test No. 78-2 


Beam Nos. Not _ and Recorded Date 1,/3/78 


nping Material 3M ISD 830 


nN 
Han 


Material Thickness 0.152 on Material Density 0.965 alee 3 
Beam Thickness 0.1524 on Beam Density 2.795 avec 3 


Beam Length 17.78 om 
Temperature Test Rance: Setween -59,4 2c and 10.6.°c 


Preuuency Test Range: Setween 10 fiz and 10 REZ 


Boss Factor n,.: 


ry? 


PoaAx dG te “ity L.6é Temperature -G1.1]  2¢ : 
1600 fz hay 1.6 Temberature — ~33,33 %¢ ; 
Ramge IO. ee -€2,2 Po 4B 33 8 
Leco : SNe 78 ee “17.78 ‘ec 
LOG(M) *LOG(ML 4 (2LOG LMROM/AL 7014 (FROMZER SBN; : 
T2 FROM FROM N FL 
Al ae A3 a4 
-15.80 1.2000€+04 2.00006 +87 -500 4,0000E +05 
A= (LOG(FRI-LOGCFROLI D/C 
LOG(ETA ) © LOGE TAFROL 41 (SL4SH AF (SL-SHI(1-SQRTI1*ASR2)) CLC 
TO ETAFROL SL SH FROL C 
Bi Be B3 B4 85 
-15.8 1.660 4528 ~.988 8.0000€ +03 500 
LOG FR eLOGIF 1-121 T-78 7152571 .84+T-T@) 
ROMaArKS 2 | teat sork - ten minutes at 350°F (180°C), 
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eclymeric Material Characterization Test 
Test No 
Seam Nos O80E anc 080G Date 8/79 
pambing Material Enjyay Butyl 268 
aterial Thickness 0.0381 on Material Density 1.187 os 
Ream Thickness 0.2032 eon, Ream Density 2.795 afee 
Beem Lencth 17.78 ox 
Temperature Test Range: Between -45.6 ec and 65.6 Ya 
Frecuency Test Rance: Between 10 iz ane 10 Ke 
Loss Factor ry, 
a 
Peak 100 Te tae sds Terrerature ~20.6 ef 
E023 eae en Temperature -J.,1 °C 
Rance 100 Hz -37.2 ¢2 -6.7 °¢ 
1090 Ez -17.8 ¢c 15.6 ¢¢ 
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Lectite 404 was the only adhesive found 
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